SUMMARY Twenty-eight cases of mirror writing were seen during a period of three and a half years. These consisted of 12 patients with essential tremor, nine with Parkinson's disease, three with spino-cerebellar degeneration and four other cases. There were no cases of hemiparesis, aphasia, apraxia, agnosia or confusion. Fragmentary reversals were excluded from this study. Since essential tremor, Parkinsonian tremor and cerebellar tremor can be abolished by a stereotaxic produce applied to the thalamus, a common neural pathway via the thalamic nuclei may exist in these disorders. The existence is therefore proposed of some neural mechanism that controls the higher cerebral function of writing via the thalamus. 
Mirror writing can be defined as writing which runs in an opposite direction to the normal, and in which each individual letter is also reversed. The resultant script cannot therefore be read by most people unless it is held up in front of a mirror. Historically, the most famous example of mirror writing is that produced by Leonardo da Vinci.
In 1926, Critchley proposed the aetiological classification of mirror writing.1 First, he listed the appearance of mirror writing in a left handed script in certain cases of right hemiplegia. Many of the cases reported by subsequent authors fall into this category. He also mentioned cases of mirror writing among certain normal children while they are learning to write, among a number of backward children and feeble-minded adults, among people with congenital word blindness, among right-handed writers who are dextrally switched, and among patients suffering from Little's disease. At the same time, normal individuals can, as Critchley pointed out, write in mirror fashion with the right or left hand in certain experimental conditions.
The aim of this report is to document the discovery of a high incidence of mirror writing among cases of essential tremor, Parkinson's disease and some cerebellar disorders, and to propose a new aetio-logical hypothesis for the occurrence of mirror writing.
Patients and methods Patients cerebellar degeneration, and one case of an epidermoid tumour on the fourth ventricle, all of which suffered from cerebellar ataxia. Sufferers from tension headache and writer's cramp were both natural left-handers, who had been corrected to right-handedness during childhood. A final case with cerebrovascular disease needs to be considered; this was a man who probably had his own faculty for mirror writing, and his vascular disease had merely given him the chance to discover his talent.
Discussion
Whenever we discuss this interesting problem of mirror writing, we always have to come back to Leonardo da Vinci, whose mirror writing is the most famous example in history. Why he wrote all his letters in mirror fashion,2 however, remains extremely controversial. Most people believe that it was because he was naturally a left-handed writer and painter. Capener, however, insists that da Vinci was essentially right-handed, and that an accident which crippled his right hand in his early life might well have led him to begin to use his left hand, and that he consequently found it most easy to write in mirror fashion.3 Some authors attribute his use of the left hand to a stroke causing right hemiparesis." 4 He only suffered from this stroke in 1517, however, 2 years before his death, and this can not therefore be an explanation for his mirror writing. An excellent discussion concerning Leonardo da Vinci's handwriting has been published by Schott,' who concluded that Leonardo was left-handed and that his language skills were lateralised to the right hemisphere.
Another interesting article has been written by Allen,6 who accidentally discovered his own faculty of mirror writing at the age of 13 years. Leonardo da Vinci and case 28 in our series might belong to the category of natural mirror writer, like Allen himself.
The aetiological classification of mirror writing is well summarised by Critchley in 1926, and is still valid in the clinical study of mirror writing.
Our initial case was a right-handed man with essential tremor. When we saw this patient, we first thought that the mirror writing was an accidental coincidence. However, as we started to come across more and more mirror writers among the cases of fj c : ) ; . -t % -.:. 1 -The aetiology of mirror writing: a new hypothesis essential tremor and Parkinson's disease, we were forced to consider that this could not be simply coincidental, and that it required some common mechanisms. It has been observed that essential tremor and Parkinson's disease frequently occur in the same patient and that these disorders may be related either pathogenetically or genetically,7 while a recent systematic study of this association between essential tremor and Parkinson's disease in a large number of cases confirms this assumption,8 although a completely contrary conclusion has also been drawn by other workers. 9 Another interesting fact that has recently been noted is a higher incidence of left-handedness among patients with essential tremor,'0 since the occurrence of mirror writing has a close relationship to lefthandedness.
None of the 28 cases we report suffered from hemiparesis, aphasia, apraxia, agnosia or confusion, nor were the phenomena we observed transient in nature; they were observed repeatedly during the follow-up period, the longest being of over 5 years. Although we still do not know why mirror writing has been discovered so frequently among patients with essential tremor and Parkinson's disease, these associations remain extremely interesting. Nor should we overlook the fact that mirror writing was seen in three cases of spinocerebellar degeneration and one case of a fourth ventricle tumor with cerebellar ataxia. Are there any common factors that will explain the occurrence of mirror writing among patients with these disorders?
Recently, Narabayashi and his co-workers proposed that essential, Parkinsonian and cerebellar tremors can be abolished by application of a stereotaxic procedure to the Vim nucleus of the thalamus."1"12 This fact suggests that among these disorders there are common neural mechanisms which operate via the 1577 thalamus.
The participation of thalamus in higher cerebral function has been discussed in the literature, in cases of "thalamic neglect" in the non-dominant,'3 and "thalamic aphasia" in the dominant side.14 Cases of mirror writing following left thalamic hemorrhages have also been reported recently. '5,16 In these reports, the mechanism responsible for thalamic neglect or thalamic mirror writing is attributed to the impaired arousal-activation process of the thalamus; the existence of thalamic aphasia remains controversial, however. Nevertheless, these facts suggest that the thalamus must be playing an important role in and must contribute to the higher cortical functions.
Only rarely, as we have said, does a natural mirror writer such as Leonardo da Vinci, Allen or case 28 in this series exist. In normal individuals, however, no mirror writing can be found with either right or left handed script. The appearance of mirror writing in cases of sufferers from right hemiplegia with left hemispheric lesions, or among younger children whose cerebral dominance has not been established, has been well-documented, but the higher incidence of mirror writing among cases of essential tremor, Parkinson's disease and cerebellar ataxias has not been described in the past. If we could postulate the existence of some neural mechanism controlling the higher cerebral function of writing via the thalamus, then we might be able to explain our new observations. We do not know why some of our patients failed to recognise their own mirror writing, but we suggest that these phenomena may also be related to the thalamic mechanisms.
In conclusion, we wish to add two new categories to
Critchley's aetiological classification of mirror writing (table 3) . 
